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Description
Technical Field

[0001] The invention relates to a polyimide and its preparation method, more specifically, the present invention relates
to a preparation method of a novel thermoset shape memory polyimide that has a glass transition temperature in the
range of 190-197°C and excellent thermodynamic properties, and can realize quick shape recovery within 5 seconds.

Prior Art

[0002] Shape memory polymers (SMP) have advantages such as large reversible strain, low density, easy processing,
and easy control of the shape recovery temperature, and are finding more and more important applications in fields of,
for example, smart textiles, biomedicals, and aerospace, etc. Thermoset SMP has a stable crosslinking structure and
a high shape fixity and shape recovery rate, thus is the focus of current SMP studies. For example, American Composite
Technology Development, Inc. (CTD) develops thermoset SMP composite materials for spacecraft antenna and light
hinges for deploying solar array panel. The light hinges of 2 g can be used to drive a mass of 60 g, and can be used on
lightweight flexural solar panels. The performance thereof is comparable to the shape memory alloy (SMA) hinges used
on the earth observation spacecraft launched by American National Aeronautics and Space Administration (NASA), but
lighter in weight and easier in installation (journal literature 1). However, conventional SMP usually has a glass transition
temperature (Tg) lower than 120°C, while SMP-based driving device and aerospace applications and the like require
high-temperature resistant SMP. Currently, there are few studies on high-temperature resistant SMP. Moreover, quick
shape recovery is another important performance index for the application of SMP. However, most current SMPs recover
shape slowly, typically in tens of seconds or even longer.

[0003] Polyimides (Pl) are heterocyclic aromatic polymers containing imide characteristic groups in the main chain,
and they have advantages such as high temperature resistance, radiation resistance, excellent mechanical properties,
and versatile processing approaches. They have been widely used in fields of, such as, automobile, microelectronics,
and aerospace (journal literature 2). Therefore, shape memory thermoset polyimides have broad application prospects
in many different fields. Currently, the reported polyimides typically use crosslinkable end group-containing low-molecular
weight monomers or their oligomers as the starting materials, which are subject to addition reactions to realize a curing
process; the properties thereof are very stable, and thus can be used in harsh environment. Among those, PMR-15
(journal literature 3) is the representative product of matrix resin for heat-resistant polyimide composites.

[0004] Thermoset polyimides prepared from common low-molecular weight precursors via crosslinking of active groups
have characteristics such as high strength, high modulus, high temperature stability and excellent processability. How-
ever, in comparison with the more than 100% reversible strain of conventional SMP, conventional thermoset polyimides
shows no shape memory effect. In 2012, Shumaker et al. reports thermoset polymaleimide SMP having a Tg in the
range of 110-164°C (journal literature 4). In 2013, Vaia et al. reports thermoset polyimide SMP with a Tg of ca. 220°C
(journal literature 5). However, there is still no report on shape memory thermoset polyimides with Tg in the temperature
range of 190°C -197°C until now.

Existing technical literatures:
[0005]

Journal literature 1: Smart Mater. Struct. 2014, 23, 023001;

Journal literature 2: Polyimides: chemistry, structure and property relationships and materials, Science press, 2012,
09;

Journal literature 3: J. Apple. Polym. Sci, 1972, 16, 906;

Journal literature 4: Polymer 2012, 53, 4637-4642;

Journal literature 5: Polymer 2013, 54, 391-402.

Technical Problems
[0006] The objective of the present invention is to overcome the problems related to the high-temperature slow shape

recovery, poor stability, and poor mechanical properties of current shape memory polymers prepared by known methods,
and to provide a quick responsive, shape memory thermoset polyimide and a preparation method thereof.
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Summary of the Invention

[0007] The inventive quick responsive, shape memory thermoset polyimide has a structure of:

wherein, n is from 58 to 156, and the quick responsive, shape memory thermoset polyimides have a molecular weight
of 46K-124K between two triamino-crosslinker molecules.

[0008] The preparation method of the quick responsive, shape memory thermoset polyimide according to the present
invention is achieved by the following steps:

I. Preparation of a diamine solution

[0009] Weigh out 1,3-bis(3-aminophenoxy)benzene monomer and charge it into a three-neck flask containing N,N-
dimethylacetamide solvent, stir the contents in the flask under the protection of dry nitrogen at room temperature until
1,3-bis(3-aminophenoxy)benzene monomer is completely dissolved, so as to obtain a diamine solution;

wherein the molar ratio by volume between N,N-dimethylacetamide solvent and 1,3-bis(3-aminophenoxyl)benzene mon-
omer is 1mL:(0.2-0.33) mmoL.

Il. Preparation of an anhydride-terminated high molecular weight polyamic acid

[0010] Add Bisphenol A type diether dianhydride monomer for 4-6 times to the diamine solution obtained in step |,
and then stir the resultant for 16-20 hours at a speed of 200-300 r/min at room temperature to obtain an anhydride-
terminated high molecular weight polyamic acid; wherein the amount of each addition of the bisphenol A type diether
dianhydride monomer is equal to or less than half of the amount of prior addition;

wherein, the mass ratio of the bisphenol A type diether dianhydride monomer mentioned in step Il to 1,3-bis(3-aminophe-
noxy)benzene in the diamine solution was 1 :(0.85-0.97).

Ill. Preparation of a viscous sol-gel

[0011] Add tri(4-aminophenyl)amine to the anhydride-terminated high molecular weight polyamic acid obtained in step
II, and stir the resultant for 5-7 hours at a speed of 260-350 r/min at room temperature to obtain a sol-gel. Then the
obtained sol-gel is dried at 40-65°C in a vacuum oven for 0.5-2 hours to obtain a viscous sol-gel;

the mass ratio of the tri(4-aminophenyl)amine as mentioned in step Il to bisphenol A type diether dianhydride monomer
in the anhydride-terminated high molecular weight polyamic acid is (0.02-0.10): 1.

IV Preparation of thermoset, shape memory polyimides
[0012] Pour the viscous sol-gel obtained in step lll onto a substrate,

heat the resultant at a heating rate of 1-2°C /min from room temperature to 70-90°C, and keep it at the temperature
for 1-2 hours;

then heat the resultant at a heating rate of 1-2°C /min to 120-140°C, and keep it at the temperature for 1-2 hours;
then heat the resultant at a heating rate of 1-2°C /min to 170-190°C, and keep it at the temperature for 1-2 hours;
then heat the resultant at a heating rate of 1-3°C /min to 220-250°C, and keep it at the temperature for 1-2 hours;
then heat the resultant at a heating rate of 1-3°C /min to 270-290°C, and keep it at the temperature for 1-2 hours;
finally, cool the resultant at a rate of 1-3°C /min to room temperature;

immerse the substrate that has already been cooled down to room temperature in distilled water to peel off a solid
film, which is then washed for 3-5 times using the distilled water and finally heated at a temperature condition of
120-180°C for 360-600 minutes, so as to obtain the thermoset, shape memory polyimides.
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1. The thermoset, shape memory polyimides prepared according to the present invention have a Tg of 190-197°C,
ensuring that the shape memory effect thereof can be applied to high temperature areas, compared with the Tg of
conventionally used shape memory polymers ( mostly below 120°C), the Tg value is increased by at least 70°C.
2. The thermoset, shape memory polyimides prepared according to the present invention have a storage modulus
of about 2.22-2.90 GPa in the glassy state at a room temperature of 30°C; a storage modulus of about 5.36-6.80
MPa in the rubbery state at a higher temperature of (7,+20°C). The materials prepared according to the present
invention ensure that, when the prepared SMP are used as structural materials, they have relatively small change
of modulus within the higher application temperature range relative to that of known SMP materials, ensuring the
stability of the size and shape of the structural parts.

3. The thermoset, shape memory polyimides prepared according to the present invention have a 5% weight loss
temperature of 487-495°C, a 52.1-53.9% residue at 800°C, indicating an excellent heat resistance of the inventive
thermoset, shape memory polyimides.

4. The thermoset, shape memory polyimides prepared according to the present invention have a shape recovery
time of 3-5 seconds from 180° bending, which is a fast recovery compared with an average 100 seconds recovery
time of conventional epoxy SMP.

Description of the Figures

[0014]

Figure 1 shows a schematic network structure of the quick responsive, thermoset, shape memory polyimides pre-
pared according to the present invention, wherein, the curved line represents the chain segments of polyimide
molecules, and the dots represent triamine crosslinker;

Figure 2 shows the structure of the chain segments between the crosslinking points of the quick responsive, ther-
moset, shape memory polyimides prepared according to the present invention;

Figure 3 shows an IR spectrum of the quick responsive, thermoset, shape memory polyimides prepared according
to Example 1;

Figure 4 shows a graph of the loss factor of the quick responsive, thermoset, shape memory polyimides prepared
according to Example 1;

Figure 5 shows a graph of the storage modulus of the quick responsive, thermoset, shape memory polyimides
prepared according to Example 1;

Figure 6 shows a TGA graph of the quick responsive, thermoset, shape memory polyimides prepared according to
Example 1;

Figure 7 shows a picture of the quick responsive, thermoset, shape memory polyimides in flat panel form prepared
according to Example 1 and positioned on a hot stage, which was bended at elevated temperature and fixed at
room temperature to yield a temporary shape;

Figure 8 is a picture showing the shape recovery of the quick responsive, thermoset, shape memory polyimides
prepared according to Example 1 after 1 second on the hot stage of 210°C;

Figure 9 is a picture showing the shape recovery of the quick responsive, thermoset, shape memory polyimides
prepared according to Example 1 after 2 seconds on the hot stage of 210°C;

Figure 10 is a picture showing the recovery to the original shape of the quick responsive, thermoset, shape memory
polyimides prepared according to Example 1 after 3 seconds on the hot stage of 210°C.

Examples

[0015] Example 1: A quick responsive, high-performance thermoset, shape memory polyimide according to the ex-
ample, had a structure of:
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wherein, nwas 58-156, the said quick responsive, high-performance thermoset, shape memory polyimide had a molecular
weight of 46-124 k.

[0016] The example used 1,3-bis(3-aminophenoxy)benzene and bisphenol A type diether dianhydride as the reaction
monomers to prepare an anhydride terminated polyamic acid precursor, which then formed a network structure by using
triamine(4-aminophenyl) to crosslink the polyamic acid, and the resultant was subject to a gradient heating procedure
to provide a thermoset shape memory polyimide.

[0017] Example 2: This example was almost the same as Example 1, except that n was 80-156, and the quick
responsive, high-performance thermoset, shape memory polyimide had a molecular weight of 80-124 k.

[0018] Example 3: This example was almost the same as Example 1 or 2, except that n was 100-156, and the quick
responsive, high-performance thermoset, shape memory polyimide had a molecular weight of 100-124 k.

[0019] Example 4: The preparation method of a quick responsive, high-performance, thermosetting, shape memory
polyimide according to this example was achieved by the following steps:

I. Preparation of a diamine solution

1,3-bis(3-aminophenoxy)benzene monomer was weighted out and charged into a three-neck flask containing
N,N-dimethylacetamide solvent, and then stirred under the protection of dry nitrogen at room temperature until
1,3-bis(3-aminophenoxy)benzene monomer was completely dissolved, so as to provide a diamine solution;
wherein the molar ratio by volume between N,N-dimethylacetamide solvent and 1,3-bis(3-aminophenoxy)ben-
zene monomer was 1mL:(0.2-0.33) mmolL;

Il. Preparation of anhydride-terminated high molecular weight polyamic acid

Bisphenol A type diether dianhydride monomer was added for 4-6 times to the diamine solution obtained in
step |, the resultant was stirred for 16-20 hours at a speed of 200-300 r/min at room temperature to obtain an
anhydride-terminated high molecular weight polyamic acid; wherein, the amount of each addition of the bisphenol
A type diether dianhydride monomer is equal to or less than half of the amount of prior addition;

wherein, the mass ratio of the bisphenol A type diether dianhydride monomer as mentioned in step Il to 1,3-
bis(3-aminophenoxy)benzene in the diamine solution was 1 :(0.85-0.97);

Ill. Preparation of a viscous sol-gel

Tri(4-aminophenyl)amine was added to the anhydride-terminated high molecular weight polyamic acid obtained
in step Il, the resultant was stirred for 5-7 hours at a speed of 260-350 r/min at room temperature to produce a
sol-gel. Then the obtained sol-gelwas dried at 40-65°C in a vacuum oven for 0.5-2 hours to yield a viscous sol-gel;
the mass ratio of the tri(4-aminophenyl)amine mentioned in step Il to bisphenol A type diether dianhydride
monomer in the anhydride-terminated high molecular weight polyamic acid was (0.02-0.10): 1;

IV. Preparation of thermoset, shape memory polyimides

The viscous sol-gel obtained in step Il was poured onto a substrate, then was heated from room temperature
at a heating rate of 1-2°C /min to 70-90°C, and kept at the temperature for 1-2 hours; then was heated at a
heating rate of 1-2°C /min to 120-140°C, and kept at the temperature for 1-2 hours; then was heated at a heating
rate of 1-2°C /min to 170-190°C, and kept at the temperature for 1-2 hours; then was heated at a heating rate
of 1-3°C /min to 220-250°C, and kept at the temperature for 1-2 hours; then was heated at a heating rate of
1-3°C /min to 270-290°C, and kept at the temperature for 1-2 hours;

finally, it was cooled at a rate of 1-3°C /min to room temperature; the substrate that has already been cooled
down to room temperature was immersed in distilled water to peel off a solid film, which was then washed for
3-5 times using distilled water and finally heated at 120-180°C for 360-600 minutes to produce thermoset, shape
memory polyimides.

[0020] The N,N-dimethylacetamide mentioned in Example 1 was commercial available and of analytical pure grade,
and was vacuum distilled after the removal of water.

[0021] The tri(4-aminophenyl)amine in Example 3 comprised three amino-functional group, rendering the total number
of amino functional groups of tri(4-aminophenyl)amine and diamine being equal to the total number of anhydride functional
groups of dianhydride monomer, and the mass ratio of the dianhydride to tri(4-aminophenyl)amine was 1:0.02-1:0.10.
[0022] The present example used 1,3-bis(3-aminophenoxy)benzene and bisphenol A type diether dianhydride as the
reaction monomers to prepare anhydride terminated polyamic acid precursor, which was then crosslinked to form a
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network structure by using triamine(4-aminophenyl), and further subject to a gradient heating procedure to provide
thermoset shape memory polyimide.
[0023] The reaction scheme of the step Il according to the example was as follows:

£
e 1

L& J
e L
H W_fﬁ%w"? Z::j% "}Q gi‘i

L o

] i

(8]

[0024] The reaction scheme of the step IV according to this example was as follows:

[0025] Example 5: This example was almost the same as Example 4, except that the purity of 1,3-bis(3-aminophe-
noxy)benzene monomer as mentioned in step | was 98%.

[0026] Example 6: This example was almost the same as Examples 4 or 5, except that the purity of the bisphenol A
type diether dianhydride monomer as mentioned in step |l was 97%.

[0027] Example 7: This example was almost the same as one of the Examples 4-6, except that the purity of tri(4-
aminophenyl)amine as mentioned in step Ill was >98%.

[0028] Example 8: This example was almost the same as one of the Examples 4-7, except that the molar ratio by
volume between N,N-dimethylacetamide solvent and 1,3-bis(3-aminophenoxy) benzene monomer as mentioned in step
I was 1mL:0.27-0.32mmoL.

[0029] Example 9: This example was almost the same as one of the Examples 4-8, except that the molar ratio by
volume between N,N-dimethylacetamide solvent and 1,3-bis(3-aminophenoxy) benzene monomer as mentioned in step
I was 1mL: 0.33mmoL.

[0030] Example 10: This example was almost the same as one of the Examples 4-9, except that the mass ratio of
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bisphenol A type diether dianhydride monomer to 1,3-bis(3-aminophenoxy)benzene monomer in the diamine solution
as mentioned in step Il was 1:(0.90-0.95).

[0031] Example 11: This example was almost the same as one of the Examples 4-10, except that the mass ratio of
bisphenol A type diether dianhydride monomer to 1,3-bis(3-aminophenoxy)benzene monomer in the diamine solution
as mentioned in step Il was 1:(0.90-0.92).

[0032] Example 12: This example was almost the same as one of the Examples 4-11, except that the mass ratio of
bisphenol A type diether dianhydride monomer to 1,3-bis(3-aminophenoxy)benzene monomer in the diamine solution
as mentioned in step Il was 1:0.91.

[0033] Example 13: This example was almost the same as one of the Examples 4-12, except that the mass ratio of
trilaminophenyl)amine to bisphenol A type diether dianhydride monomer in the anhydride terminated high molecular
weight polyamic acid as mentioned in step Ill was (0.03-0.09): 1.

[0034] Example 14: This example was almost the same as one of the Examples 4-13, except that the mass ratio of
trilaminophenyl)amine to bisphenol A type diether dianhydride monomer in the anhydride terminated high molecular
weight polyamic acid as mentioned in step Ill was (0.04-0.08): 1.

[0035] Example 15: This example was almost the same as one of the Examples 4-14, except that the mass ratio of
trilaminophenyl)amine to bisphenol A type diether dianhydride monomer in the anhydride terminated high molecular
weight polyamic acid as mentioned in step Ill was (0.05-0.07): 1.

[0036] Example 16: This example was almost the same as one of the Examples 4-15, except that the mass ratio of
trilaminophenyl)amine to bisphenol A type diether dianhydride monomer in the anhydride terminated high molecular
weight polyamic acid as mentioned in step Ill was 0.06:1.

[0037] Example 17: This example was almost the same as one of the Examples 4-16, except that the stirring as
mentioned in step Il was at a rate of 250-300 r/min and lasted for 18-20 hours.

[0038] Example 18: This example was almost the same as one of the Examples 4-17, except that the stirring as
mentioned in step Il was at a rate of 280-300 r/min and lasted for 19-20 hours.

[0039] Example 19: This example was almost the same as one of the Examples 4-18, except that the stirring as
mentioned in step Il was at a rate of 280-350 r/min and lasted for 5-7 hours.

[0040] Example 20: This example was almost the same as one of the Examples 4-19, except that the stirring as
mentioned in step Il was at a rate of 300-350 r/min and lasted for lasted 6-7 hours.

[0041] Example 21: This example was almost the same as one of the Examples 4-20, except that the stirring as
mentioned in step Il was at a rate of 320-350 r/min and lasted for 6-7 hours.

[0042] Example 22: This example was almost the same as one of the Examples 4-21, except that the stirring as
mentioned in step Il was at a rate of 320-350 r/min and lasted for 6-7 hours.

[0043] Example 23: This example was almost the same as one of the Examples 4-22, except that the sol-gel obtained
in step Ill was dried in a vacuum oven at a temperature of 45-65°C for 0.8-2 hours.

[0044] Example 24: This example was almost the same as one of the Examples 4-23, except that the sol-gel obtained
in step Ill was dried in a vacuum oven at a temperature of 50-65°C for 1-2 hours.

[0045] Example 25: This example was almost the same as one of the Examples 4-24, except that the sol-gel obtained
in step Ill was dried in a vacuum oven at a temperature of 55-65°C for 1.5-2 hours.

[0046] Example 26: This example was almost the same as one of the Examples 4-25, except that the sol-gel obtained
in step Ill was dried in a vacuum oven at a temperature of 60-65°C for 1.5-2 hours.

[0047] Example 27: This example was almost the same as one of the Examples 4-26, except that the sol-gel obtained
in step Ill was dried in a vacuum oven at a temperature of 60-65°C for 1.8-2 hours.

[0048] Example 28: This example was almost the same as one of the Examples 4-27, except that, in step IV,

the resultant was heated from room temperature at a rate of 1-2°C /min to 75-90°C, and was kept at the temperature
for 1-2 hours;

then the resultant was heated at a rate of 1-2°C /min to 125-140°C, and was kept at the temperature for 1-2 hours;
then the resultant was heated at a rate of 1-2°C /min to 175-190°C, and was kept at the temperature for 1-2 hours;
then the resultant was heated at a rate of 1-3°C /min to 230-250°C, and was kept at the temperature for 1-2 hours;
then the resultant was heated at a rate of 1-3°C /min to 275-290°C, and was kept at the temperature for 1-2 hours;
finally, the resultant was cooled at a rate of 1-3°C /min to room temperature.

[0049] Example 29: This example was almost the same as one of the Examples 4-28, except that, in step IV,

the resultant was heated from room temperature at a rate of 1-2°C /min to 80-90°C, and was kept at the temperature
for 1-2 hours;

then the resultant was heated at a rate of 1-2°C /min to 130-140°C, and was kept at the temperature for 1-2 hours;
then the resultant was heated at a rate of 1-2°C /min to 180-190°C, and was kept at the temperature for 1-2 hours;
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then the resultant was heated at a rate of 1-3°C /min to 235-250°C, and was kept at the temperature for 1-2 hours;
then the resultant was heated at a rate of 1-3°C /min to 280-290°C, and was kept at the temperature for 1-2 hours;
finally the resultant was cooled at a rate of 1-3°C /min to room temperature.

[0050] Example 30: This example was almost the same as one of the Examples 4-29, except that, in step IV,

the resultant was heated from room temperature at a rate of 1-2°C /min to 85-90°C, and was kept at the temperature
for 1.5-2 hours;

then the resultant was heated at a rate of 1-2°C /min to 135-140°C, and was kept at the temperature for 1.5-2 hours;
then the resultant was heated at a rate of 1-2°C /min to 185-190°C, and was kept at the temperature for 1.5-2 hours;
then the resultant was heated at a rate of 1-3°C /min to 240-250°C, and was kept at the temperature for 1.5-2 hours;
then the resultant was heated at a rate of 1-3°C /min to 285-290°C, and was kept at the temperature for 1.5-2 hours;

finally the resultant was cooled at a rate of 1-3°C /min to room temperature.

[0051] Example 31: This example was almost the same as one of the Examples 4-30, except that,

heating was performed at a temperature of 130-180°C for 380-600 minutes.

[0052] Example 32: This example was almost the same as one of the Examples 4-31, except that,

heating was performed at a temperature of 140-180°C for 400-600 minutes.

[0053] Example 33: This example was almost the same as one of the Examples 4-32, except that,

heating was performed at a temperature of 150-180°C for 450-600 minutes.

[0054] Example 34: This example was almost the same as one of the Examples 4-33, except that,

heating was performed at a temperature of 155-180°C for 480-600 minutes.

[0055] Example 35: This example was almost the same as one of the Examples 4-34, except that,

heating was performed at a temperature of 160-180°C for 500-600 minutes.

[0056] Example 36: This example was almost the same as one of the Examples 4-35, except that,

heating was performed at a temperature of 165-180°C for 520-600 minutes.

[0057] Example 37: This example was almost the same as one of the Examples 4-36, except that,

heating was performed at a temperature of 170-180°C for 550-600 minutes.

[0058] Example 38: This example was almost the same as one of the Examples 4-37, except that,

heating was performed at a temperature of 175-180°C for 580-600 minutes.

Claims

n

n

n

n

n

n

n

n

step IV, the
step IV, the
step IV, the
step IV, the
step IV, the
step IV, the
step IV, the

step IV, the

A thermoset shape memory polyimide, having a structure of:

wherein n is 58-156, and the molecular weight of the chain segments of said thermoset shape memory polyimide
between crosslinker molecules is 46-124 Kg/mol, wherein the polyimide has a shape recovery time of 3-5 seconds
from 180° bending.

A method for preparing a thermoset shape memory polyimide, having the following steps of:
|. preparation of a diamine solution:

weighting out 1,3-bis(3-aminophenoxy)benzene monomer and charging it into a three-neck flask containing
N,N-dimethylacetamide solvent, then stirring the contents in the flask under the protection of dry nitrogen
at room temperature until the 1,3-bis-(3-aminophenoxy)benzene monomer is completely dissolved, so as
to obtain a diamine solution;

wherein the molar ratio by volume between N,N-dimethylacetamide solvent and 1,3-bis(3-aminophe-
noxy)benzene monomer is 1mL: (0.2-0.33) mmolL;
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II. preparation of an anhydride-terminated high molecular weight polyamic acid:

adding bis-phenol A type diether-dianhydride monomer for 4-6 times to the diamine solution obtained in step |,
then stirring the resultant for 16-20 hours at a speed of 200-300 r/min at room temperature to obtain the anhydride-
terminated high molecular weight polyamic acid; wherein the amount of each addition of the bisphenol A type
diether dianhydride monomer is equal to or less than half of the amount of prior addition;

wherein the mass ratio of the bisphenol A type diether dianhydride monomer as described in step Il to 1,3-bis(3-
aminophenoxy)benzene monomer in the diamine solution is 1: (0.85-0.97);

Ill. preparation of a viscous sol-gel

adding tri(4-aminophenyl)amine to the anhydride-terminated high molecular weight polyamic acid obtained
in step Il, and then stirring the resultant for 5-7 hours at a speed of 260-350 r/min at room temperature to
obtain a sol-gel, and drying the obtained sol-gel at 40-65 °C in a vacuum oven for 0.5-2 hours to obtain a
viscous sol-gel;

and the mass ratio of the tri(4-aminophenyl)amine as described in step Il to the bisphenol A type diether
dianhydride monomer in the anhydride-terminated high molecular weight polyamic acid is (0.02-0.10): 1;

IV. preparation of a thermoset shape memory polyimide

pouring the viscous sol-gel obtained in step Ill on a substrate,

heating the resultant from room temperature to 70-90°C at a heating rate of 1-2 °C/min, and keeping it at
the temperature for 1-2 hours;

then heating the resultant to 120-140°C at a heating rate of 1-2°C/min, and keeping it at the temperature
for 1-2 hours;

then heating the resultant to 170-190°C at a heating rate of 1-2°C/min, and keeping it at the temperature
for 1-2 hours;

then heating the resultant to 220-250°C at a heating rate of 1-3°C/min, and keeping it at the temperature
for 1-2 hours;

then heating the resultant to 270-290°C at a heating rate of 1-3°C/min, and keeping it at the temperature
for 1-2 hours; and

finally, cooling the resultant at a cooling rate of 1-3°C/min to room temperature;

immersing the substrate that has already been cooled down to room temperature in distilled water to peel
off a solid film, then washing the solid film for 3-5 times with distilled water and finally heating it at a
temperature condition of 120-180°C for 360-600 minutes to produce the thermoset shape memory polyimide.

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein the purity of the 1,3-
bis(3-aminophenoxy)benzene monomer in step | is 98%.

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein in step Il, the purity
of the bisphenol A type diether dianhydride monomer is 97%.

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein the purity of the tri(4-
aminophenyl)amine is >98%.

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein in step |, the molar
ratio by volume between N,N-dimethylacetamide solvent and 1,3-bis(3-aminophenoxy) benzene monomer is 1mL :
0.25 mmoL.

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein in step Il, the mass
ratio of the bisphenol A type diether dianhydride monomer to 1,3-bis(3-aminophenoxy) benzene monomer in the
diamine solution is 1:(0.90-0.95).

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein in step Ill, the mass
ratio of the tri(laminophenyl)amine to the bisphenol A type diether dianhydride monomer in the anhydride terminated
high molecular weight polyamic acid is (0.05-0.08): 1.

The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein in step IV,

heating the resultant from room temperature to 80-90°C at a heating rate of 1-2°C/min, and keeping it at the
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temperature for 1-2 hours;

then heating the resultant to 130-140°C at a heating rate of 1-2°C/min, and keeping it at the temperature for
1-2 hours;

then heating the resultant to 180-190°C at a heating rate of 1-2°C/min, and keeping it at the temperature for
1-2 hours;

then heating the resultant to 240-250°C at a heating rate of 1-3°C/min, and keeping it at the temperature for
1-2 hours;

then heating the resultant to 280-290°C at a heating rate of 1-3°C/min, and keeping it at the temperature for
1-2 hours; and

finally cooling the resultant at a cooling rate of 1-3°C/min to room temperature.

10. The method for preparing a thermoset shape memory polyimide according to Claim 2, wherein in step 1V, the heating
at a temperature of 150-180°C is conducted for 450-600 minutes.
Patentanspriiche

1. Duroplastisches Polyimid mit Formgedachtnis mit einer Struktur:

worin n 58-156 ist und das Molekulargewicht des Kettenabschnitts des duroplastischen Polyimids mit Formgedacht-
nis zwischen den Vernetzermolekilen 46-124 kg/mol betragt, worin das Polyimid eine Form-Ruckgewinnungszeit
von 3-5 Sekunden aus 180° Biegen aufweist.

2. Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis mit den folgenden Schritten:

I. Herstellung einer Diaminlésung:

Auswiegen von 1,3-Bis(3-aminophenoxy)benzol-Monomer und Einfiihren hiervon in einen Dreihalskolben,
der N,N-Dimethylacetamid-L6sungsmittel enthalt, dann Rihren des Inhalts des Kolbens unter Schutz von
trockenem Stickstoff bei Raumtemperatur, bis das 1,3-Bis(3-aminophenoxy)benzol-Monomer vollstandig
aufgeldst ist, um so eine Diaminlésung zu erhalten;

worin das molare Volumenverhaltnis zwischen N,N-Dimethylacetamid-Lésungsmittel und 1,3-Bis(3-amino-
phenoxy)benzol-Monomer 1 ml: (0,2-0,33) mmol betragt;

II. Herstellung einer Anhydrid-terminierten Polyamidsaure mit hohem Molekulargewicht: 4-6-maliges Zugeben
eines Diether-Dianhydrid-Monomers vom Bisphenol A-Typ zu der im Schritt | erhaltenen Diaminlésung, dann
Rihren des sich Ergebenden fiir 16-20 Stunden bei einer Geschwindigkeit von 200-300 U/min bei Raumtem-
peratur, um die Anhydridterminierte Polyamidsaure mit hohem Molekulargewicht zu erhalten; worin die Menge
des Diether-Dianhydrid-Monomers vom Bisphenol A-Typ bei jeder Zugabe gleich oder kleiner ist als die Halfte
der Menge der vorherigen Zugabe;

worin das Masseverhaltnis des Diether-Dianhydrid-Monomers vom Bisphenol A-Typ, wie im Schritt Il beschrie-
ben, zu 1,3-Bis(3-aminophenoxy)benzol-Monomer in der Diaminlésung 1:(0,85-0,97) betragt;

Ill. Herstellung eines viskosen Sol-Gels

Zugeben von Tri(4-aminophenyl)amin zu der Anhydrid-terminierten Polyamidsaure mit hohem Molekular-
gewicht, die im Schritt Il erhalten wurde, und dann Riihren des sich Ergebenden fiir 5-7 Stunden bei einer
Geschwindigkeit von 260-350 U/min bei Raumtemperatur, um ein Sol-Gel zu erhalten, und Trocknen des
erhaltenen Sol-Gels bei 40-65°C in einem Vakuumofen fiir 0,5-2 Stunden, um ein viskoses Sol-Gel zu
erhalten;

worin das Masseverhéltnis des Tri(4-aminophenyl)amins, wie im Schritt Il beschrieben, zum Diether-Di-
anhydrid-Monomer in der Anhydrid-terminierten Polyamidsaure mit hohem Molekulargewicht (0,02-0,10):1
betragt;

10
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IV. Herstellung eines duroplastischen Polyimids mit Formgedachtnis

GielRen des im Schritt |l erhaltenen viskosen Sol-Gels auf ein Substrat,

Erwarmen des sich Ergebenden von Raumtemperatur auf 70-90°C mit einer Erwarmungsgeschwindigkeit
von 1-2°C/min und Halten hiervon bei der Temperatur fir 1-2 Stunden;

dann Erwarmen des sich Ergebenden auf 120-140°C mit einer Erwarmungsgeschwindigkeit von 1-2°C/min
und Halten hiervon bei der Temperatur fir 1-2 Stunden;

dann Erwarmen des sich Ergebenden auf 170-190°C mit einer Erwarmungsgeschwindigkeit von 1-2°C/min
und Halten hiervon bei der Temperatur fir 1-2 Stunden;

dann Erwarmen des sich Ergebenden auf 220-250°C mit einer Erwarmungsgeschwindigkeit von 1-3°C/min
und Halten hiervon bei der Temperatur fir 1-2 Stunden;

dann Erwarmen des sich Ergebenden auf 270-290°C mit einer Erwarmungsgeschwindigkeit von 1-3°C/min
und Halten hiervon bei der Temperatur fir 1-2 Stunden; und

letztlich Kiihlen des sich Ergebenden mit einer Kiihigeschwindigkeit von 1-3°C/min auf Raumtemperatur;
Eintauchen des Substrats, das bereits auf Raumtemperatur gekiihlt worden ist, in destilliertes Wasser, um
einen festen Film abzulésen, dann 3-5-maliges Waschen des festen Films mit destilliertem Wasser, und
letztlich Erwarmen hiervon bei einer Temperaturbedingung von 120-180°C fur 360-600 Minuten, um das
duroplastische Polyimid mit Formgedachtnis herzustellen.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemafR Anspruch 2, worin die Rein-
heit des 1,3-Bis(3-aminophenoxy)benzol-Monomers in Schritt | 98 % betragt.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemal Anspruch 2, worin im Schritt
Il die Reinheit Diether-Dianhydrid-Monomers vom Bisphenol A-Typ 97 % betragt.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemafl Anspruch 2, worin die Rein-
heit des Tri(4-aminophenyl)amins >98 % betragt.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemal Anspruch 2, worin in Schritt
| das molare Volumenverhaltnis zwischen N,N-Dimethylacetamid-Lésungsmittel und 1,3-Bis(3-aminophenoxy)ben-
zol-Monomer 1 ml: 0,25 mmol betragt.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemal Anspruch 2, worin im Schritt
Il das Masseverhaltnis des Diether-Dianhydrid-Monomers vom Bisphenol A-Typ zu 1,3-Bis(3-aminophenoxy)benzol-
Monomer in der Diaminlésung 1:(0,90-0,95) betragt.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemal Anspruch 2, worin im Schritt
Il das Masseverhaltnis des Tri(laminophenyl)amins zum Diether-Dianhydrid-Monomer vom Bisphenol A-Typ in der
Anhydrid-terminierten Polyamidsaure mit hohem Molekulargewicht (0,05-0,08):1 betragt.

Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemal Anspruch 2, worin im Schritt
\%

das sich Ergebende von Raumtemperatur auf 80-90°C mit einer Erwdrmungsgeschwindigkeit von 1-2°C/min
erwarmt wird und es bei der Temperatur fir 1-2 Stunden gehalten wird;

dann das sich Ergebende auf 130-140°C mit einer Erwarmungsgeschwindigkeit von 1-2°C/min erwarmt wird
und es bei der Temperatur fir 1-2 Stunden gehalten wird;

dann das sich Ergebende auf 180-190°C mit einer Erwdrmungsgeschwindigkeit von 1-2°C/min erwarmt wird
und es bei der Temperatur fir 1-2 Stunden gehalten wird;

dann das sich Ergebende auf 240-250°C mit einer Erwarmungsgeschwindigkeit von 1-3°C/min erwarmt wird
und es bei der Temperatur fir 1-2 Stunden gehalten wird;

dann das sich Ergebende auf 280-290°C mit einer Erwdrmungsgeschwindigkeit von 1-3°C/min erwarmt wird
und es bei der Temperatur fir 1-2 Stunden gehalten wird; und

letztlich das sich Ergebende mit einer Kiihlgeschwindigkeit von 1-3°C/min auf Raumtemperatur gekihlt wird.

10. Verfahren zur Herstellung eines duroplastischen Polyimids mit Formgedachtnis gemaf Anspruch 2, worin im Schritt

IV das Erwarmen bei einer Temperatur von 150-180°C fiir 450-600 Minuten durchgefiihrt wird.
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Revendications

1. Polyimide a mémoire de forme thermodurci, présentant comme structure :

dans lequel n est compris entre 58 et 156, et le poids moléculaire des segments de chaine dudit polyimide a mémoire
de forme thermodurci entre les molécules de réticulation est compris entre 46 et 124 kg/mol, dans lequel le polyimide
présente un temps de récupération de forme de 3 a 5 secondes a partir d’'une flexion a 180°.

2. Procédé de préparation d’'un polyimide a mémoire de forme thermodurci, présentant les étapes suivantes :
|. préparation d’une solution de diamine :

pesage du monomere 1,3-bis(3-aminophénoxy)benzéne et son chargement dans un ballon a trois cols
contenant un solvant N,N-diméthylacétamide, puis agitation du contenu du ballon sous la protection d’azote
sec a température ambiante jusqu’a ce que le monomere 1,3-bis(3-aminophénoxy)benzéne soit complé-
tement dissous, de maniére a obtenir une solution de diamine ;

dans lequel le rapport molaire en volume entre le solvant N,N-diméthylacétamide et le monomere 1,3-bis(3-
aminophénoxy)benzene est de 1 ml: (0,2 a 0,33) mmol ;

II. préparation d’un acide polyamique de haut poids moléculaire terminé par un anhydride : ajout d’'un monomere
diéther-dianhydride de type bis-phénol A 4 a 6 fois a la solution de diamine obtenue a I'étape |, puis agitation
du produit obtenu pendant 16 a 20 heures a une vitesse de 200 a 300 tr/min a température ambiante pour
obtenir I'acide polyamique de haut poids moléculaire terminé par un anhydride ; dans lequel la quantité de
chaque ajout du monomeére diéther dianhydride de type bisphénol A est égale ou inférieure a la moitié de la
quantité de I'addition précédente ;

dans lequel le rapport massique du monomere dianhydride diéther de type bisphénol A tel que décrit a I'étape
Il au monomere 1,3-bis(3-aminophénoxy)benzéne dans la solution de diamine est de 1 : (0,85 a 0,97) ;

Ill. préparation d’un sol-gel visqueux

ajout de tri(4-aminophényl)amine a I'acide polyamique de haut poids moléculaire terminé par un anhydride
obtenu a I'étape Il, et puis agitation du produit obtenu pendant 5 a 7 heures a une vitesse de 260 a 350
tr/min a température ambiante pour obtenir un sol-gel, et séchage du sol-gel obtenu a 40 a 65 °C dans une
étuve a vide pendant 0,5 a 2 heures pour obtenir un sol-gel visqueux ;

et le rapport massique entre la tri(4-aminophényl)amine telle que décrite a I'étape Il etle monomere diéther
dianhydride de type bisphénol Adans’acide polyamique de haut poids moléculaire terminé par un anhydride
estde (0,0220,10): 1;

IV. préparation d’'un polyimide a mémoire de forme thermodurci

versage du sol-gel visqueux obtenu a I'étape Il sur un substrat

chauffage du produit obtenu a partir de la température ambiante a 70 a 90 °C a une vitesse de chauffage
de 1 a 2 °C/min, et son maintien a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 120 a 140 °C a une vitesse de chauffage de 1 a 2 °C/min, et son maintien
a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 170-190 °C a une vitesse de chauffage de 1 a 2 °C/min, et son maintien
a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 220 a 250 °C a une vitesse de chauffage de 1 a 3 °C/min, et son maintien
a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 270 a 290 °C a une vitesse de chauffage de 1 a 3 °C/min, et son maintien
a la température pendant 1 a 2 heures ; et

enfin, refroidissement du produit obtenu a une vitesse de refroidissement de 1 a 3 °C/min jusqu’a tempé-
rature ambiante ;
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immersion du substrat qui a déja été refroidi a température ambiante dans de I'eau distillée pour décoller
un film solide, puis lavage du film solide 3 a 5 fois avec de l'eau distillée et enfin son chauffage a une
condition de température de 120 a 180 °C pendant 360 a 600 minutes pour produire le polyimide a mémoire
de forme thermodurci.

Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel la
pureté du monomére 1,3-bis(3-aminophénoxy)benzéne dans I'étape | est de 98 %.

Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel, a
I'étape I, la pureté du monomere diéther dianhydride de type bisphénol A est de 97 %.

Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel la
pureté de la tri(4-aminophényl)amine est > 98 %.

Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel, a
I'étape I, le rapport molaire en volume entre le solvant N,N-diméthylacétamide et le monomeére 1,3-bis(3-aminophé-
noxy)benzene est de 1 ml : 0,25 mmol.

Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel, a
I'étape Il, le rapport massique entre le monomeére dianhydride de diéther de type bisphénol A et le monomere 1,3-
bis(3-aminophénoxy)benzene dans la solution de diamine est de 1:(0,90 a 0,95).

Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel, a
I'étape lll, le rapport massique entre la tri(aminophényl)amine et le monomere diéther dianhydride de type bisphénol
A dans l'acide polyamique de haut poids moléculaire terminé par un anhydride est de (0,05 a 0,08): 1.

Procédé de préparation d’un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel a
I'étape IV,

chauffage du produit obtenu a partir de la température ambiante a 80-90 °C a une vitesse de chauffage de 1
a 2 °C/min, et son maintien a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 130 a 140 °C a une vitesse de chauffage de 1 a 2 °C/min, et son maintien
a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 180 a 190 °C a une vitesse de chauffage de 1 a 2 °C/min, et son maintien
a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 240 a 250 °C a une vitesse de chauffage de 1 a 3 °C/min, et son maintien
a la température pendant 1 a 2 heures ;

puis chauffage du produit obtenu a 280 a 290 °C a une vitesse de chauffage de 1 a 3 °C/min, et son maintien
a la température pendant 1 a 2 heures ; et

enfin refroidissement du produit obtenu a une vitesse de refroidissement de 1 a 3 °C/min jusqu’a température
ambiante.

10. Procédé de préparation d’'un polyimide a mémoire de forme thermodurci selon la revendication 2, dans lequel, a

I'étape IV, le chauffage a une température de 150 a 180 °C est effectué pendant 450 a 600 minutes.
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Figure 1

Figure 2
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